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Antelope bitterbrush (Purshia tridentata) is the most abundant shrub found in the Entiat mule deer (Odocoileus hemionus hemionus) herd's winter range, located in eastern Washington.
Within the Entiat winter range a reduction in the amount of available bitterbrush has occurred due to fire, decadence, and lack of regeneration (Davis et al. 1970 ). This reduction in bitterbrush abundance has been thought to be a factor in the decline of the Entiat mule deer herd (Gjertson 1973) though no food habits studies have been conducted.
The purpose of this study was to quantify the effect of bitterbrush abundance on the winter diet of the Entiat mule deer herd by examining the food habits of deer in sites with high, medium, and low bitterbrush abundance.
In other areas where bitterbrush occurs it has been found to be heavily eaten by mule deer in fall and winter (Cliff 1939 , Edwards 1942 , Hoskins and Dalke 1955 , Leach 1956 , Wilkins 1957 , Richens 1967 . Heavy use has been correlated with a high nutrient content of bitterbrush leaders (Smith and Gaufin 1950 , Smith and Hubbard 1954 , Bissell et al. 1955 , Dietz et al. 1962 . Thus it appears that a decline in bitterbrush abundance may have a major impact on the winter diet of the Entiat mule deer herd.
Study Area and Specific Study Sites
The Entiat mule deer herd inhabits that part of Washington from the Columbia River west to the Cascade Crest and from the Wenatchee River north to Lake Chelan. Most deer in this herd summer high in the Cascade Mountains and winter at lower elevtions along the Columbia River, a distance of approximately 70 km. Their winter range extends south along the Columbia River from Lake Chelan to the Wenatchee River. The terrain is extremely rugged with sharp ridges and narrow valleys. Elevations range from 215 m along the Columbia River to 1200 m at the highest winter area. Mule deer food habits were studied in three sites, approximately 9 km apart, within the critical winter range ( bitterbrush abundance with the bitterbrush site having a high density of bitterbrush plants throughout the area, the bitterbrushburn site having a high density of bitterbrush plants over one-half of its area while the other half had only a few remnant bitterbrush plants, and the burn site where only a few remnant bitterbrush plants remained after a fire in 1958 (Davis et al. 1970 ). The three sites were similar in aspect, elevation, and plant species composition. Mule deer movement was assumed to be negligible to nonexistant between areas due to the distance between sites, the ruggedness of the terrain and from reports by Gruel1 and Papez (1963) and Zeigler (1978) who found that mule deer move little while on the winter range.
The winter (December-February) mean monthly temperature and precipitation from Wenatchee, Washington, is -1. lo C and 2.8 cm (U.S. Dept. of Commerce 1974 Commerce , 1975 Commerce , 1976 . During the winter of 1974-1975 the average precipitation (3.1 cm) and temperature (0.5OC) were normal, while the 1975-1976 winter was mild with below normal precipitation (2.4 cm) and above normal temperature (1.3" C).
Methods
The winter diet of the Entiat mule deer herd was determined by microscopic analyses of composited fecal samples. A composited fecal sample consisted of two pellets from each of at least 50 different pellet groups. Monthly fecal samples were collected from December-March 1974 In -1976 , samples were collected from December-March in the bitterbrush and burn sites and from January-March in the bitterbrush-burn site. Plant fragments in feces were identified and quantified as described by Sparks and Malechek (1968) . Twenty slides per sample with a total of 20 fields per slide were examined under a binocular microscope at 100X for recognizable plant fragments. Studies by Todd and Hansen (1973) , Hansen et al. (1973) , Anthony and Smith (1974) , and Dearden et al. (1975) report that the percentage of the classified plant fragments appears to approximate the percentage relative dry weights of food categories in the diet.
Bitterbrush availability was measured from November-March during the 1975-1976 winter in the bitterbrush site. Ten randomly selected plants were marked on south-facing slopes. Fifty current leaders on each plant, less than 2 m from the ground, were measured each month and their average length determined.
By multiplying the percent used each month by the amount available from the preceeding month a monthly bitterbrush availability was calculated.
Bitterbrush preference was measured throughout the winter of 1975-1976 in the bitterbrush site by a selectivity index (Ivlev 1961) . The formula for the index is:
where ri is the proportion of item in the diet,pi equals the proportion of the item in the environment and E is the selectivity index. Positively selected species are sought out in the environment, while negatively selected species are not.
Results and Discussion
The bulk of the mule deer winter diet in the study area was made up of four plants-bitterbrush, buckwheat, balsamroot, and lupine-though some 23 other species were eaten in smaller amounts. These four plants made up 90% of the diet in the bitterbrush site, 87% in the bitterbrush-burn site, and 93% in the burn site. Use of these four plants varied with time and between sites.
In the bitterbrush site in 1974-1975 bitterbrush use was heavy, averaging 70% until March when it dropped to 17%. As bitterbrush use declined the use of buckwheat increased to 48% in March. In 1975 -1976 bitterbrush use was heavy throughout the winter though use dropped slightly from an average of 86% for the first three months to 69% in March. As bitterbrush use declined, buckwheat use increased from an average of 4% for the first 3 months to 12% in March. Balsamroot use averaged 8% for 1974-1975 and 6% for 1975-1976. In the bitterbrush-burn site in [1974] [1975] , bitterbrush use averaged 77% for December and January. Then use dropped to 29% and 16% for February and March, respectively. As bitterbrush use declined the use of buckwheat increased from an average of 2% in December and January to an average of 48% for February and March. In 1975-1976 bitterbrush use was 70% in January, 52% in February and 9% in March. For the same period, buckwheat use was 7%, 16%, and 44%. Balsamroot use averaged 10% for 1974-1975 and 22% for 1975-1976. In the burn site the heaviest eaten plants were buckwheat, 42%, and lupine, 26%, with buckwheat use increasing and lupine use decreasing from the beginning to end of winter. Bitterbrush use dropped from 9.4% in December to 1% in March. Balsamroot use averaged 19% for the entire winter with little monthly variation.
The most obvious trend during the study was the decline in bitterbrush use between sites and as winter progressed within sites. There were two probable reasons for a decline in bitterbrush use: decreased preference or decreased availability.
A study of bitterbrush preference in the bitterbrush site in [1975] [1976] showed that annual bitterbrush leaders were highly preferred by mule deer. Bitterbrush selectivity indexes were: i-0.54, +0.57, i-0.59, and i-0.59, for December, January, February, and March, respectively.
The high positive selectivity index values indicate that bitterbrush was highly sought out in the environment by mule deer. Therefore, decreased use of annual bitterbrush leaders was not related to declining preference.
Instead, decreased use of bitterbrush and the subsequent increase in buckwheat use appeared to be directly related to bitter-brush availability. Evidence for this was that bitterbrush made up 69% of the total diet in the bitterbrush site, 47% in the bitterbrushburn site and only 6% in the burn site. Also, bitterbrush use declined in all areas as winter progressed, which suggests that its availability also declined since its preference did not. Leach (1956) , Wilkins (1957) , and Richens (1967) also reported that declines in bitterbrush use were caused by a decline in its availability. Changes m the diet of the Entiat mule deer herd due to changes in bitterbrush abundance were significant. Since bitterbrush is high in nutritional quality it could be assumed that declines in bitterbrush would adversely affect the winter survival of the deer herd. This would be the case if buckwheat and other forage species did not adequately replace it in the herd's diet. However, mule deer do successfully winter on ranges without bitterbrush (Burrell 1977 ) which suggests that buckwheat and other forage species do adequately replace bitterbrush in the herd's diet.
